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OFF-PEAK CONTROL OF WATER HEATERS 
ON RURAL POWER SYSTEMS 


INTRODUCTION 


A° a result of power shortages, high demand 
charges, and increasing loads, REA-financed 
cooperatives are showing wide-spread interest in 
means of reducing peak demands on their systems. 

The control of domestic appliances to remove them 
from distribution systems during peak load periods 
has been considered by the electrical industry for 
many years. Investigations have shown that the 
only types of appliances to which off-peak control 
is applicable are those that act as storage units. 
Water heaters and some types of water supply 
systems come under this classification. The con- 
ditions of use of modern refrigerators and home 
freezers are such that they must be excluded from 
the general classification of controllable appliances. 
Water systems of the pressure type cannot be con- 
trolled as they have little reserve and must operate 
whenever the pressure falls because of water de- 
mand. Water pumps associated with storage tanks 
in gravity pressure systems can be kept off during 
peak load periods, provided that the storage capac- 
ity is sufficient and that the control device can be 
bypassed in cases of emergency. The storage type 
water heater is, therefore, the principal appliance 
that lends itself to off-peak control without serious 
use limitations. 

The storage type water heater is designed to 
ADDY instantaneously a quantity of hot water that 
has been heated at a slow rate over a period of time. 
As most heaters are designed to heat the total 
capacity of the storage tank in less than twelve 
hours, shutting off energy to the heating units for 
short periods of time will have little effect on the 
amount of hot water available. 

Many rural power system engineers have felt 
that off-peak control of water heaters offers a 
logical approach to the problem of reducing peak 
loads on their systems. However, any accurate 
estimation of the value of water heater control has 
been made very difficult because of the lack of 
information about water heater loads on rural 
systems. 

Investigation of the characteristics of water heater 
loads has included two tests made on REA-financed 
distribution systems. The first test was performed 
in October and November 1947, on the lines of the 
Oakdale Cooperative Electrical Association, Oak- 
dale, Wisconsin. The second test was conducted in 
November and December 1947, at the Steuben 
County Rural Electric Membership Corporation, 


Angola, Ind. 


These tests were made by the Technical Standards 
Division of the Rural Electrification Administration 
with the cooperation of Lloyd McCaskey, manager, 
Oakdale Cooperative Electrical Association; Charles 
L. Puffer, manager, Steuben County Rural Electric 
Membership Corp.; members of the two cooperatives; 
Charles E. Seymour, consulting engineer, Baraboo, 
Wis.; the Control Corp., 718 Central Ave., Minne- 
apolis, Minn.; and the Line Material Co., Wired 
Radio Division, East Stroudsburg, Pa. 


OBJECT OF TESTS 


Information was sought on the characteristics of 
water heater loads and their relation to the rural 
system load. The following specific topics were 
investigated: 

1. The characteristics of the load added to the 
power system by water heaters that are not con- 
trolled. 

2. The characteristics of the load added to the 
power system by water heaters after they have been 
held off for several hours during the system peak 
load period. 

3. The most satisfactory combinations of tank and 
element sizes for water heating in rural homes. 

4. The amount of energy used per month by water 
heaters and factors which affect this use. 


SCOPE 


The information presented in this report is based 
on conditions observed during one season of the year 
on two rural power distribution systems. These 
two systems were chosen because the centralized 
water heater control equipment installed on them 
made it possible to obtain considerable information 
in a short time with the limited personnel and equip- 
ment available. 


CONCLUSIONS 


Water heaters contributed between 500 and 600 
watts per heater to the peak demands on the two 
systems tested. The measured contribution per 
heater was 520 watts on the Oakdale system and 
600 watts on the Steuben system. Water heaters 
on the Steuben system averaged larger in tank size 
and considerably larger in lower element rating than 
those on the Oakdale system. This difference in 
heater characteristics did not appear to influence the 
average measured load per heater during peak load 
periods. The load per heater seems to. be more 
closely related to the kilowatt-hours used in heating 


water than to either the element or the tank size. 

The size of heating elements is‘important in limit- 
ing the amount of water heater load that has to be 
“picked-up”’ after water heaters have been kept off 
for several hours. After 3 hours off, the measured 
water heater load exceeded 75 percent of the con- 
nected water heater load. However, 2 hours after 
re-energizing, the water heater load had returned to 
normal. 

Water heaters should have adequate storage 
capacity to take care of washday and bath activities. 
Where this requirement was met, users were unaware 
that heaters were cut off for a 3-hour period during 
the evening peak. 

Water heaters of 50 gallons capacity or larger 
appear to be desirable for farm family use. Smaller 
heaters are too often inadequate after users become 
accustomed to having hot water available. The 
amount of hot water used appears to be affected 
more by living habits and farming methods than by 
such factors as family size or the size of the farm 
business. 

Heater element sizes should be a function of tank 
size. A two-element heater with approximately 20 
watts per gallon of tank capacity for the lower ele- 
ment and 30 watts per gallon for the upper element 
appears to be the most satisfactory combination. 
The two thermostats should be interconnected to 
limit the maximum demand of any water heater 
to the rating of the upper element. This combina- 
tion of element ratings and interconnected thermo- 
stats provides a good compromise between heater 
demand and recovery rate. 

The two centralized control systems observed 
during the test periods did not operate satisfactorily. 
Constant maintenance and supervision of the equip- 
ment were necessary. The manufacturers of the 
equipment are aware of the deficiencies and are 
taking steps to correct them. 

A careful analysis of each system should be made 
to determine the economic feasibility of the applica- 
tion of water heater control equipment. Appendix 
I, Economic Considerations in the Application of 
Water Heater Control Equipment, has been prepared 
to assist those interested in considering the use of 
centralized water heater control equipment. 


DESCRIPTION OF TESTS 


Each of the two distribution systems on which 
these tests were made in general served family-sized 
farms. Each system received power at only one 
location. At the time of testing, each served approxi- 
mately 100 water heaters. 

The Oakdale Cooperative Electrical Association 
serves consumers principally engaged in dairying and 
diversified farming. On these farms, which are 
typical of most dairy farms in Wisconsin, the business 
includes dairying, crop farming, poultry, hogs, some 
sheep, and some beef cattle. The predominance of 
dairying is indicated by the saturation of milking 
machines, estimated at 90 percent. 

The Oakdale tests were made in September and 
October 1947. Electric water heaters were being used 


by 107, or 4.4 percent, of the 2,387 consumers. All 
of these heaters were controlled by a carrier current 
transmitter located at the 1500 kilovolt-ampere sub- 
station. Central metering equipment for the test 
was installed at this location. 

The Steuben County Rural Electric Membership 
Corp. also serves a diversified farming area. The 
emphasis is on livestock and crop farming. Dairying 
is not as predominant as in the Oakdale area. 

The Steuben tests were made during November 
and December 1947. The Steuben system served 
1,692 consumers at the time of testing with 96, or 
6.5 percent, of these having water heaters under 
centralized control. A few additional heaters not 
subject to control were in use. Power was received 
through one metering point. Additional metering 
equipment was installed a few spans beyond the 
permanent metering point, for load measurement 
during the test period. 

The general procedure used in making measure- 
ments was approximately the same for both systems 
tested. Recording wattmeters were installed at the 
supply point to obtain a continuous record of the 
system load. 

All information obtained on total system load and 
water heater load was taken from the records pro- 
vided by these meters. The total system load was 
shown directly by the wattmeter records. The 
water heater load was measured by switching off all 
water heaters for 1 minute each hour by means of 
the centralized control system. This caused the 
wattmeters to record the change in the total load, 
equal to the water heater load at that time. This 
is illustrated by the sample charts shown in figures 
1 and 2 of appendix IT and figures 1 and 2 of appendix 
III. 

Hourly readings of water heater load were taken 
throughout the test period. An automatic timer 
was connected to the carrier current transmitter to 
cause it to send signals that would make the water 
heater control receivers go through the “off-on” 
sequence of operations at |-hour intervals. 

Measurements at intervals of less than 1 hour 
would have provided additional information. How- 
ever, the total number had to be kept to a minimum 
because all heaters were being kept off for 1 minute 
each time a measurement was made. Too frequent 
measurements would result in enough “off” time to 
upset the normal thermostatic cycling of the indi- 
vidual water heaters. Some additional measure- 
ments were made during important periods of the 
day, especially during maximum load periods. 

Records for each system were made for 2 weeks 
with the heaters operating normally, except for the 
hourly measurements. Similar tests were made 
with the heaters cut off during evening peak load 
periods. This information is presented in the form 
of tabulations. These may be found as table I of 
appendix IT and table II of appendix III. The data 
for the full 24-hour records have not been presented 
in tabular form. The useable days of record have 
been redrawn to appropriate scale and are presented 
as curves, figures 3 through 16 of appendix II and 
figures 3 through 20 of appendix III. 


* 
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Recording voltmeters were used to provide a 
record of all water heater switching operations. At 
Oakdale, the voltmeter gave an indication of carrier 
signal strength, in addition to the time record of each 
operation. At Steuben, the voltmeter operated 
from a standard water heater control receiver to 
record the switching operations. Samples of these 
records are shown as figure 17 of appendix II and 
figure 21 of appendix IIT. 

Individual records were made on as many water 
heaters as time and facilities would permit. This 
was done to supplement the information obtained 


made to select heaters of representative tank sizes 
and element ratings. Recording ammeters were 
used to obtain continuous operating records of each 
element in 2-element heaters. Recording volt- 
meters were used to obtain records on single-element 
heaters. Sixteen individual heater records were 
made at Oakdale and 18 were made at Steuben. 
Figures 18 and 19 of appendix II and figure 22 in 
appendix III illustrate the type of record obtained 
at these locations. A summary of the data obtained 
from these records is given in table IV of appendix 


II and table III of appendix III. 


by metering the system load. An attempt was 


TABLE | 
TEST RESULTS 


, OAK. STEU- 
A. GENERAL DATA DALE BEN 
Peereates ot test perigds.. - . |... . . tadaeils sesces Sept.— Nov.- 
Oct. 1947 Dec. 1947 
Beiafes at ines... wee «ss cs. . eee eee See 909 363 
Req oneumers connected... ...... 2.0646 odes. deepen pas eH 1, 693 
4. Total energy sold, average kilowatt-hours per 
month per consumer, .... . . 52-2 sees eee 117 152 
5. Monthly peak demand, kilowatts.............. 1,145 1, 008 
B. SYSTEM WATER HEATER DATA 
1. Consumers with water heaters: 
PCaATiEr ey. tll oe et. sss atibae dae ke 106 110 
PETE Oe ne ae es cs Gee be ie Pee 4. 4 6.5 
2. Water heater sizes: 
a. Number of 30 gallon heaters.............--- 40 6 
b. Number of 40 gallon heaters...........----- 10 17 
c. Number of 50 gallon heaters........-..----. 51 44 
d. Number of 60 gallon heaters.............--- 1 16 
e. Number of 80 gallon heaters.............--. 4 re | 
f. Average tank size, SHNONS.. . is eee 9 Me eae 43 ay! 
3. Average connected load, lower elements, watts per 
nile eae aha Dee ae ee eee ee 1, 070 1,970 
4. Average measured load during peak, watts per 
ae Oe Pee ap eee Cet Po oes ee 520 600 
5. Average load picked up after 3 hours off, watts 
per heater... 00+... 2.02 + see: Pe gtk gee 1, 030 1, 650 
6. Average energy used for water heating, kilowatt- 
200 220 


hours per month per heater. Mes toe on ae ee 
C. WATER HEATER SAMPLING DATA, WHERE 
INDIVIDUAL RECORDS WERE MADE 


1. Number of individual records made........---- 16 18 
2. Average length of records, days......... pan te 26. 6 17.9 
3. Average energy used for all purposes, kilowatt- 
hours per month per consumer.....---. +--+: 988 532 
4. Average energy used for water heating, kilowatt- 
hours per month per consumer......-..------ 245 296 
5. Average water heater tank size, gallons......... 46 55 
6. Average connected load, lower elements, watts 
1,175 2, 000 


ehienterty ake tera tees sas tee ae cae 


DISCUSSION OF TEST RESULTS 


The information provided by these tests repre- 
sents conditions during only one season of the year. 
It should be recognized that seasonal variations in 
the use of hot water may affect the influence of water 
heaters on system loads. 

The data shown as Items A-2, A-3, A—4, and A-5 
are taken from records of the distribution systems. 
These figures show the status of the Oakdale and 
Steuben systems as of September 30, 1947, and 
November 30, 1947, respectively. 


The number of water heaters shown under B-1 of 
the tabulation is the number connected at the time 
tests were completed. In calculating the test 
results shown as Items B-4, B-5, and B-6, adjust- 
ments were necessary because few of these heaters 
were installed while the tests were in progress. Ad- 
ditional corrections were required because some 
control receivers failed to operate at various times 
during the tests. It was necessary to assume that 
the control system at Oakdale was only 85 percent 
effective and the one at Steuben 90 percent effective. 
This was done to minimize possible errors in test 
results due to failures:of the control equipment. 
These figures are based on the following observa- 
tions: 

Oakdale Tests: A preliminary check at Oakdale 
revealed that almost half of the control receivers 
were not functioning properly. They were ad- 
justed or replaced at that time so that all of them 
were operating correctly. A second check made 
40 days later, after completion of the tests, showed 
that 12 percent of the receivers were again not oper- 
ating properly. Test records from 16 individual 
water heaters showed that most of the receivers 
failed to operate consistently. The inconsistent 
operation was apparently due to variations in signal 
strength, inadequate voltage compensation, response 
to line surges and power interruptions. 

Steuben Tests: Records from 18 individual water 
heaters showed numerous cases of false receiver oper- 
ations. These were attributed to spurious signals 
originating in appliances such as vacuum cleaners, 
electric drills, and food mixers. These signals often 
left control receivers in the “‘on”’ position when they 
should have been “off,” or vice versa. Hourly 
transmitter signals sent by action of the special 
automatic timer installed for testing caused all 
receivers to operate twice without correcting any 
that were reversed. The reversed receivers were 
corrected four times per day by manual operations 
of the transmitter. Under normal operation, the 


receivers are automatically corrected by any trans- 
mitter signal. 

The equipment faults found during these tests are 
known to the manufacturers concerned, and steps 
are being taken to correct them. 

A greater saturation of water heaters would have 
been desirable for these tests. Accurate measure- 
ment of the water heater load during light load 
periods was sometimes rather difficult because the 
water heater load was so small. Fortunately, this 
was not true during system peak load periods and 
during other periods when most of the energy for 
water heating was used. However, experience from 
these tests indicates that a water heater saturation 
of approximately 5 percent represents the lower 
limit at which accurate water heater load informa- 
tion may be obtained from system measurements 
without undue difficulty. 

The connected water heater load, Item B-3, in- 
cludes only the lower heating elements of all water 
heaters. The records from individual heaters show 
that the upper elements are used very little, even 
on heavily loaded heaters. In the Oakdale tests the 
upper elements accounted for less than 2 percent of 
the energy used by two element heaters. In view 
of this, little consideration should be given to upper 
elements when calculations are made of water 
heater loading. The tests support the opinion of 
manufacturers of two-element heaters that the 
upper element is an emergency booster unit. 

The average measured load during peak, Item 
B-4, is the watts per heater contribution to the 
monthly measured peak that may be expected from 
the water heaters as a group. It is the reduction in 
peak demand that could be accomplished by keeping 
the water heaters off during the peak load periods. 
This figure is based on measurements of approxi- 
mately 100 heaters and does not apply where only 
one or a few heaters are involved. 

The average energy used per month by all water 
heaters, Item B-—6, was calculated from the hourly 
readings of system water heater load. 

Part C of the tabulated data refers to sampled 
water heaters on which recording meters were used. 
Additional information on these heaters is given in 
appendix II, tables V and VI, and appendix III, 
table IV. 

Items C-3, C-4, C-5, and C-6 give information 
on the sampled heaters. These correspond to the 
information on all heaters shown as items A-4, 
B-6, B-2f, and B-3 respectively. The energy used 
for water heating in the sampled heaters (C—4) was 
calculated from the heating time, assuming that 
each element operated at rated input. 


APPENDIX | 


Economic Considerations In The Application Of Water Heater Control Equipment 


ESULTS of the two tests conducted on REA- 

financed cooperatives indicate that some sys- 
tems may apply water heater control to considerable 
advantage. Where conditions of load characteristics, 
water heater density, and wholesale power demand 
costs appear favorable to the use of water heater 
control equipment, consideration should be given to 
a study of its application. 

The chart, figure 1 (facing page 7) has been 
prepared to assist those interested in making a 
cost analysis of water heater control application. 
This chart is based on an average water heater 
contribution of 600 watts per heater during the 
system peak. Test data in this report indicate 600 
watts is a reasonable amount to expect. This chart 
has two values for total installed cost per controlled 
water heater for each demand charge and each 
estimated annual maintenance cost. These values 
are based on two rates of amortization: A 5-year 
rate of $17.50 per month per $1,000 invested; and 
a 10-year rate of $10 per month per $1,000 invested. 

Very little information is available to indicate 
the annual maintenance costs to apply to the types 
of water heater control equipment now in produc- 
tion. All equipment must have regular inspections 
to ascertain that it is operating properly. Until 
more information is available, a maintenance cost 
based on at least one inspection each year should be 
used. The actual cost of inspections will be deter- 
mined by local conditions. This cost should cover 
transportation, labor, and repairs for each control 
receiver and for the transmitter facilities. 

The recommended allowable investment as deter- 
mined from the chart does not take into consider- 
ation possible savings effected by released distribu- 
tion, transmission and generation capacity; deferred 
heavying up of the system; or improved voltage 
regulation. All these items have considerable value 
to the system operators. However, the character- 
istics of water heater control are such that each 
kilowatt released by means of the control is not 
equal in value to a kilowatt of capacity made avail- 
able by additional distribution or generation facili- 
ties. The main reason for this inequality is that 
additional generation and distribution facilities make 
capacity available in such a manner as to increase 
the firm, or dependable, capacity of the system. 
Water heater control releases additional capacity 
by removing a certain portion of the load from the 
system during the peak load period. In general, 
such an installation of water heater control would 
have only one set of facilities per substation load 
area and under these conditions could not fulfill the 
requirements of firm capacity. The capacity re- 


leased by control of water heaters can be compared 
to that supplied by a generating plant having only 
one generator. Such a plant has no firm capacity 
as there is no alternative machine to replace the 
regular machine if it has to be out of service for 
repairs. 

The actual long-term savings that can be made 
by releasing capacity are extremely difficult to 
evaluate and are likely to be over estimated. How- 
ever, as previously stated, such savings are real and 
of considerable value to the operating cooperative. 
In view of the present meager information on the 
reliability and life of control equipment, and with 
the knowledge that each distribution system will 
have its own unique conditions of load distribution 
and density, line costs, and service costs, it is recom- 
mended that the economic justification of water 
heater control equipment be determined on the basis 
of power bill savings alone. If the equipment can 
be justified by applying the full value of the reduc- 
tion in wholesale power costs to the water heater 
control equipment and its operation, the savings 
realized from the other factors such as released 
capacity, improved regulation, and deferred “heavy - 
ing up” can be considered the gains on the capital 
investment in the equipment. In other words, it is 
recommended that total power bill savings be applied 
to the cost of water heater control equipment and 
its operation. Other savings as outlined above will 
then be considered as the return on the equipment 
investment. This will allow the cooperatives to 
serve controlled water heaters at rates that are 
attractive to the consumers and still keep the cost of 
such service not greater than the returns on the off- 
peak energy sales. 

Following is an example of a distribution system 
water heater control problem: 

Problem: A rural distribution system has a total 
of 500 water heaters to which control equipment is 
believed to be applicable. The wholesale power 
rate is such that a reduction of one kilowatt in the 
monthly billing demand will reduce the power bill 
by $1.75. It is estimated that on a maintenance 
program where all water heaters are checked annu- 
ally the transportation and labor costs would be 
about $2.50 per heater, not including repairs to the 
receivers or transmitter. The manufacturers of the 
proposed equipment estimated that annual repairs 
to all the equipment should not exceed an average of 
50 cents per heater. The total estimated yearly 
maintenance per heater thus becomes $3. 

Manufacturers have submitted prices for control 
systems not including accessories. Current trans- 
formers, potential transformers, lightning arresters, 


fused cutouts, buildings, meter sockets, wire and 
other materials, and the cost of installation are not 
covered in the equipment prices quoted. 

The management of the distribution system would 
like to know how much money can be profitably 
invested in water heater control equipment. 

Solution of Problem: The $1.75 per kilowatt reduc- 
tion in monthly billing demand is applied to the 
curves of figure 1. This is represented by the dotted 
line A-Al. Where this line intersects the “No 
Maintenance” line, the dotted line B—B1, is drawn. 
This reveals that with no maintenance a total of 
$105 could be invested for each heater on a 10-year 
amortization basis, or $60 could be invested on a 
5-year basis. 

The estimate of $3 annual maintenance per heater 
is applied to the curve. At the intersection of the 
**$3 Maintenance Per Year” line with the dotted 
line A-Al, dotted line C—Cl is drawn. This shows 
that with the $3 annual maintenance per heater, the 
allowable investment per heater has dropped to $80 
for 10-year amortization and $45.80 for 5-year 
amortization.' These figures do not include an 
margin of profit on the investment. The allowable 
investment represents the amount of principal and 
interest that would be repaid by the reduction in 


wholesale power costs over the period of amortiza- 
tion. This repayment is correspondingly reduced 
by the amount that has to be diverted for main- 
tenance. 

To obtain the allowable investment for the com- 
plete water heater control system, the $45.80 per 
heater from figure 1 is multiplied by 500, the number 
of heaters. This gives a maximum allowable invest- 
ment of $22,900 for this installation. 

The next step is to determine the total installed 
cost of the proposed water heater control system. 
Local conditions, the type of control equipment con- 
templated, etc., will cause wide variations in the cost 
of the completed system. Anyone interested in the 
total cost of such an installation can determine this 
by filling in the appropriate blanks in the following 
work sheet entitled “Cost Breakdown of Water 
Heater Control System.” This sheet has been com- 
piled to cover items for any type of water heater 
control equipment. 


1 In view of the meager information on maintenance costs 
it is suggested that all preliminary calculations on water 
heater control be based on the 5-year amortization. This 
will allow a cushion for additional maintenance and permits 
more rapid replacement of equipment due to deterioration 
and obsolescence. 
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COST BREAKDOWN OF WATER HEATER CONTROL SYSTEM 


Basic Control Equipment Cost 


RN ITUTE LOLS Cees ce ce ca ce cee t cue cesacssveceuser 
NE ey os seas acs senses veecsccsteeetcutves 
NENTS ET EPESITINC GPL. hae elaas pga easessncccsscesveckne 
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Total cost of basic equipment........... Oe ed aint + a Aner niltiN  Winser ae Sate Let R= 


Accessories to Basic Equipment 


Br GMI LID ELERTIBLOFINIETS. 66.55 i cece cence scewcsaereces $ 
SOVEPETIE CEAMISIOFINETS... cass carecdecsceeescndeceses 
Distribution transformers to power transmitter 
OMI TRC RG FU es bisa be weed ons ve seven ee caganw sas 
Termination units (if needed)..................00008 
Pty ieee MITES (Al Needed), ... 0c. ccs escccesceetencs 
Meter sockets (if needed)... ............ 0. cece ee eees sce 
SUMMER EU RUMEPEMUCES uvine ge as wesc ae sce ucusecce ee nes 3 ee 
See RSE AECR EONS Ge ys sg Cu yes cabs Scels ss Sea saauee ee eee 
Blocking chokes for power factor correction capacitors 

COMMON eet cctesaerasstesacccceassachenyess stereo wean 
10. Blocking chokes for supply isolation................. 

Lise opare parts for inventory... .......cc cece sees ccenes 

12. Miscellaneous hardware. ...........cscececnccscenes 

13. Miscellaneous wire and cables.................00005 

14. Load recording instrument.................e ce eeeee 

15. Meter test switch and cover............cceeeececeees 
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Miscellaneous 


Buildings to house transmitter. ...........02eeeeees $_ 
Property necessary for buildings................+++- Sentient: ee 
SaMRINCINIELPO! CINCUIIG. . oes scs ccc encer sec sh cases. ee 


MUN CETHeHUST art ee ces aces oceans cee seseeeese HWA coweeheinowitenbetin. 


ie WON ee 


Total cost of miscellaneous equipment.............. | PEE se ee ee 


Labor Costs 


1. Installation of transmitter equipment...... wines s ea ae 
2. Installation of receivers..........cccecccccccececcces 2 Se 
3. Installation of accessories...........ceceeeeeeeseees 
4. Labor for testing the equipment............-.++-- oe ee ee 
5. Miscellaneous labor..........2...cccccccerscesee see ae 


Total labor costs............+++- UN ica Ree Speke ik lee” 4.54 ‘0 {PEt OT pet 
Transportation Costs 


1. Transportation for installation of control receivers. . $————___—_ 
2. Transportation for installation of transmitter equip- 





Total transportation COStS.........+ee secre e ee eeeees : ee EF | 
Total cost of installed water heater control system........++++eeeseee $ 
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APPENDIX Il 


Tests On Oakdale Cooperative Electrical Association Lines 









This rural distribution system was started in 1937 with 80 miles of line 
and 230 consumers. After approximately 12 years of operation the system 
has grown to 909 miles of line and 2,387 consumers. 

The system is located in the east central part of Wisconsin with dairy- 
ing as the major farm activity. To the south and west of the center of 
the distribution system is heavy dairying with the average of about 20 
milkers per farm. To the north and east there is some dairying; however, © 
general farming and cranberry marsh operation predominate in the area. 

An approximate survey of the saturation of various electrical appli- 
ances on the distribution system reveals the following: 


Appliance: Percent Saturation 
Rai ges.002, « cesala eur ce soratne 

Water heaters, storage Ty Perera eee vole Wren - 4.4 
Milking machines....................... «Sk gsteee 90 
Refrigerators,37. 23.4, 4.2: ee ceeeceees 60-65 
Home freezers.......... oe’ ee es Apes atin 1 

apres 

ra 

ail 


SYSTEM AND WATER HEATER DEMAND DATA 


TABLE | 


































































































System Peak Water Heater Peak Average 
Date Day Water 
Heater, 
Kw P. m. Kw. P. m. load watts 
HEATERS UNDER OFF-PEAK CONTROL 

DCO IM PEMIE Yio s cas 2 ele le des 1, 183 7:00 96.5 9:00 1, 048 
“AU OSE US Fa a a 1,173 7:00 90. 7 9:00 986 
ALS SC A 1, 145 7:00 103.7 9:00 11,130 
RaMPMONGRY (6000. ai. sss: aay 8:00 90. 7 9:00 2 986 
ba MS eer 1,174 7:00 95. 0 9:00 1, 036 

24 | Wednesday............. 1, 166 7:00 (3) 3 (3) 
PS) AOL 9 ee 1, 189 7:00 85. 0 9:00 4781 
BO PEIGGY 025.955 co. ootd.. 1,181 7:00 101.0 9:00 1, 100 
DOMeRatUrday ., 2%... 25 x aa. 1, 202 7:00 83.6 9:00 910 
ZOMMBOUNAA YA sel te ts Ge os 1, 094 7:00 80. 4 9:00 2875 
29 ae Monday 2225.4. 5 deth te 5 1, 130 7:00 92.2 9:00 1, 000 
Sen) wesday soos coed ane eee: 1, 123 7:00 90. 7 9:00 988 
HEATERS ALLOWED TO RUN FREE—NO OFF- 

PEAK CONTROL 
Octemel 3) Wednesday... 02.7... 5. (3) (3) (3) (3) (?) 
2m lnursdaye .2.7 soa : (3) (3) (3) 3 

ae Priday aaa: 24.268 cakes Tee 7:00 41.8 8:00 2 456 

APPS ACA AY: ode cucners «<> yes 2 (?) (?) (7) (2) 
SS: |i Ra: Ey ae ee PS eee 1, 159 7:00 44. 6 8:00 485 
OsleMonday, 6-0. 5.0+05 5. 1, 180 7:00 46. 1 8:00 491 
Weteboesdays. 02.0 .c een es 1, 109 8:00 61.9 8:00 2 674 
Sa GW edneaday .28 5... 9 ..05- 1,145 7:00 47.5 8:00 517 
Oils Lhursday, 6.607.518 tei @- 1,195 7:00 47.5 8:00 517 
MORE Reid ayiet a. 4 < ceee ae is = 1, 166 7:00 47.5 7:00 2517 
ipmaturday sem. .6 4-4-0. 1,217 7:00 57. 6 9:00 5 627 
(Pa | SSTG Ey, Ale oe See ep eee 145 7:00 33.1 7:00 6 360 
USsMionday..22.43.-. 4.06.) «6 1, 188 7:00 46. 1 8:00 491 
A A OBC AY: 5... c= othe toe ie 1,195 7:00 50. 4 8:00 548 
HEATERS PLACED BACK ON OFF-PEAK CONTROL 
15 | Wednesday............. 1, 022 8:00 95.5 9:00 21,042 
16giUhursday $.. 4.0 coaknes 1, 130 7:00 105. 1 9:00 1, 148 
Lith MLO TLE ge eRe Piece eae MSI Yl 7:00 93. 6 9:00 1, 020 
ROR AURORA G ose nso 6 costae seus: 1,131 7:00 106. 8 9:00 21,165 
BOR SONGAaY ni. ch cals st 1,110 7:00 105. 1 9:00 1, 148 

POMS Monday o25.5's825-5 2555 (3) (3) (3) (?) C) 
le PL UESA AY opts «iso ah sete 1, 139 7:00 104. 0 9:00 1, 133 
HEATERS ALLOWED TO RUN FREE—NO OFF- 

PEAK CONTROL 

22 | Wednesday............. 1, 095 | 7:00 | 47.5 | 8:00 | 517 











Average pickup after 3 hours off, 1,029 watts per heater. 
Average load during peak, no control, 517 watts per heater. 


1 Water heater “a sari lockout 9:00 p. m. 
* Power supply di 


3 Recording meter failure, no record. 


culties. 


6 Heavy voltage fluctuations. 


4 No water heater record 12:01 to 6:35 a. m. 
y Bi load at 9:00 p. m. was 698. 


TABLE Il 
WATER HEATER AND SAMPLING METERING DATA 




























































































































































































Sampling 
Dual element metering data 
‘ Percent 
Single |Percent of ma. 
: ele- a total 
Size of tank | No. ment | tank nas Num- |Percent 
Lower | Upper | (kw.) | class — ber of 
(kw.) | (kw.) record- | meters 
ed used 
a 0. 60 T2000 aa:.2-- 55.0 | 20.4 3 20. 0 
1 1.50 1.50: Sate = : 4 ; 3 RE ae 
30-gallon....... iL 0. 75 1200 ii ae , 9 |. a 
Bua Ee eke score 1.50 3 Ws 12.0 3 20. 0 
og ee | eee 1. 00 res 2. 8 ices af 
Patal eee ae, 40 | 15.45 | 24.50 | 22.50 | 100.0 37. 0 6 40. 0 
5 0. 75 1:25 tise 22 5B 50. 0 4.6 i 6.7 
2 0. 75 2~ OO" sere 20. 0 1 9o-l' eee 
40-gallon....... 1 1. 00 Le 5SO Tees 10. 0 O. 9. thicnaidactee ot ee 
li 1, 25:7) 200 Gee 10. 0 0. 9 chbercull SPR see 
1 1.25 28 504 Aaa ee 10. 0 0.9 1 eS eee 
Tot eee Una 8095 ac16/05 | ween 100.0} 9.2 11S ee 
37 1. 00 1.50 ee eet 69.7 34. 3 4 2683 
2 1. 00 LaQOa eee 3.8 1:9 +}. eal eee 
3 1.50 22003 aaa ee Sy, vk 2.8 1 6.7 
1 1.25 1: 504 avis 1.9 0. 9 \estee? Hae 
50-gallon....... 1 bey 2, OOS 1.9 0.9 |). See 
Din Ue ee a 2. 00 9. 4 4.6 1 Get 
2 eh age roller ees 1. 00 3.8 19 b.o334)eae 
1A eet BAA roth be 1.50 1.9 0090) “ce. See 
Leela ce ee, 1:25 1.9 0.9 1 6. 7 
Totalis Se .. 93 | 46.00 | 67.00 | 14.75 | 100.0 49. 1 q 46. 7 
66-gallon....... 1 1.50 2 OO ayeoe ve 100. 0 0.9 luckcna) eee 
otal 245. 1 1. 50 952: 50 se 100. 0 0.9 tePdt gi 
SOteallng { 3 1.50 ZF SORA cee 75.0 pete nt 6.7 
ees lV AN S50 S900... 25.0) 0.9 2. 
Total. , See «. 45% 6, OO UPTO. 501) Seek. 100. 0 ae! 1 6.7 
Grand total...| 108 | 77.70 |119.75 | 37.25 |....... 299.9 15 | 7 100.1 























Average of lower elements=1,064 watts per heater. 
Average of upper elements=1,109 watts per heater. 
Average tank size=43 gallons per heater. 


1 Recording meter was chan 
? Does not total 100 percen 


10 


ged from one heater to another during test period. 
t due to carrying only one decimal point. 


TABLE Ill 
DATA ON SAMPLE HEATER INSTALLATIONS 


Receiver No. 2 


Heater Specifications: 30 gallon; single element, 1,500 watts. 

Farm Activities: Used in farm household of 3 adults. House not equipped 
with bathroom. Main farm activity is dairying with approximately 15 cows. 
asks water is used in cleaning the dairy utensils. Heater is adequate for present 
needs. 

Following is listing of total kilowatt-hours billed to the farmstead for the 
past 11 months: 


November 1946............ 294. Way V94 Ti 6 ook nk pec eee 261 
December 1946............ 305 Jume O47 oe ccc es So 295 
TOUTE yn aN, ES re 314 JUTVILGE TS wc Ae ca 290 
LO Tig 8 lS) | 310 Aurust 1047.2 5.5%... ete 348 
i bos OM LOE Si rr ed 211 September 1947........... 391 
iyaty REM 2 Gea eee 248 





Heater installed January 1946 


Receiver No. 33 


Heater Specifications: 30 gallon; dual element, 600 watt lower clement, 1,000 
watt upper element. Interconnected thermostats. 

Farm Activities: Used in farm household of 2 adults and 1 baby. House is 
equipped with a bathroom. Main farm activity is dairying with approximately 
14 cows. Hot water is used in cleaning the dairy utensils. Laundry is done twice 
weekly with standard washing machine. Hot water is adequate for all present 
needs. 

Following is listing of total kilowatt-hours billed to the farmstead for the past 
13 months. 





september 1946........... 136 UNTIRA RS LOA Cee cg cace rene. aca hoes 152 
Uetober 1946... 2... ie ee. 61 May 1940s cee sae ee eee 149 
November 1946............ 143 June 194 T oie Pomc aed Of 125 
December 1946............ 154 RAS sett RSE OR ee ene 159 
LOO ES 21 Ea TOIL oo , Atpust 1947s ak tears 2 200 
Pebruary 1947... 2. ..055:- 142 September 1947........... 306 
Ee 2 fe 174 


Heater installed March 1946 


Receiver No. 34 


Heater Specifications: 30 gallon; dual element, 600 watt lower element, 1,000 
watt upper element. Interconnected thermostats. 

Farm Activities: Used in farm household of 3 adults and 4 school-age children. 
House is equipped with a bathroom. Main farm activity is dairying with approxi- 
mately 19 cows. Hot water is also supplied for cleaning the dairy utensils. Weekly 
household laundry with standard washing machine. 

Following is listing of total kilowatt-hours billed to the farmstead for the past 
11 months: 


November 1946............ 411 May LOG ee oe on ee 420 
December 1946............ 351 Jae: LOA: Pierre eee eee 380 
WENA 04 Tis cose eas 423 July, LOST S39 tra eee 420 
February 1947............. 432 Ausust 1OAT., terre eee ee 400 
March 194700. 23 fe aa. 425 September 194/53. 2. ge9s 418 
Pee a ee aes ecg oS 444, 





Heater Installed in 1942 
ll 


TABLE il—Continued 


Receiver No. 52 


Heater Specifications: 30 gallon; single element, 1,500 watts. — 

Farm Activities: Used in farm household of 3 adults. House is equipped with a 
bathroom. Main farm activity is dairying with approximately 25 cows. Hot 
water is also supplied for cleaning the dairy utensils. Present supply of hot water 
is not adequate. 

Following is listing of total kilowatt-hours billed to the farmstead for the past 
12 months: 


October 1946.............. 658 April 1947... ........ ee 
November 1946............ 834 May 1947... ...:c 4. 2. eee ee 725 
December 1946............ 855 June. 1947... 2 sees oe 694 
January 1941s. oat chee 7152 July 1947. ..... 0.4. see 672 
February 1947............. 739 August 1947. ........--oee 727 
March 19472525 2 vavics ss en 812 September 1947........... 800 


Heater Installed March 1946 


Receiver No. 27 


Heater Specifications: 50 gallon; dual element, 1,500-watt lower element, 
2,000-watt upper element. Interconnected thermostats. 

Farm Activities: Used in farm household of 2 adults and 7 school-age children. 
House is equipped with a bathroom. Main farm activity is dairying with approx- 
imately 25 cows. Hot water is also used for cleaning the dairy utensils. Heater is 
adequate. 

Following is listing of total kilowatt-hours billed to the farmstead for the 
past 7 months: 


Marchsl94g 2 oF. ken woe 694 July 1947.3... .. 29 992 
ATUL LOST Meek nak eterna 651 August 1947... aoa 608 
Mia yi OAT A 3 eee, Care i ee 637 September 1947........... 620 
Jae 1947 ws... aca ae See 616 


Heater Installed March 1947 


Receiver No. 30 


Heater Specifications: 50 gallon; dual element, 1,000-watt lower element, 
1,500-watt upper element. Interconnected thermostats. 

Farm Activities: Used in farm household of 2 adults and 5 children. House is 
equipped with a bathroom. Main farm activity is dairying with approximately 
20 cows. Hot water is also used for cleaning dairy utensils. Heater is barely 
adequate. Water is only warm in late forenoon on some days. Housewife stated 
that a larger heater was needed. 

Following is listing of total kilowatt-hours billed to the farmstead for the 
past 12 months: 


October 1946.............. 177 April 1947... ..: 32a See 590 
November 1946............ 264 May 1947... 23 2e ee 697 
December 1946............ 256 June. 1947: ox. scat gc wee 692 
January 3194 1o6 oe eed op: 233 July 1947 <1. .0een oye 582 
Fepruary 19470) eee ae 197 August 1947... 2... eee 669 
Maren 94 [age aes. 939 September 1947........... 593 


Heater Installed March 1947 
12 


TABLE tll—Continued 


Receiver No. 22 


Heater Specifications: 50 gallon; single element, 1,250 watts. 

Farm Activities: This heater is installed in an urban home of a retired farm 
couple. The activities of the household do not include farm activities. Normal 
use of the heater is in household of 2 adults. Laundry is done for 3. House is 
equipped with a bathroom. Heater is adequate for all needs. 
eine is listing of total kilowatt-hours billed the household for the past 

months: 


Moctober 1946.45... .... ee e,. 43 April: 1947, Avcsvs hate ae 214 
November 1946............ 48 May 1942 sa:ui...0 RRR ee 195 
December 1946............ 80 Jume. 1947. ahs. bok 183 
January 1947.............. 202 July 1947. oi02d.i- eee 181 
Debruary 1947 ............5 190 Angst sl947 . 5 icc a eee ee 179 
lle. OUR, y Ge a re 251 september 1947... .......0); V7 


Heater Installed in January 1947 


Receiver No. 62 


Heater Specifications: 50 gallon; dual element, 1,000-watt lower element, 1,500- 
watt upper element. Interconnected thermostats. 

Farm Activities: Used in farm household of 5 adults. House is not equipped 
with either bathtub or shower. Laundry is done for a total of 7 adults in standard 
washing machine. Main farm activity is dairying with approximately 19 cows. 
Hot water is also used for cleaning the dairy utensils. Heater is adequate for 
present needs. 

Following is listing of total kilowatt-hours billed to the farmstead for the past 
12 months: 


Oretoper 19460,........---..- 242 April 1940. i ona eeee 176 
November 1946...........%:; 268 May 19477 ooo. as eee 183 
December 1946............ 288 jure 1947. 3... oe ee 207 
PAPUA LOL. es nop oie 238 July 19470 te.) eee 363 
Jr, Sigs al RUE ee re 233 August\1947) 0a eee we 
Wearch lO47........-..00). 200 September 194705 eee @ 492 


Heater Installed July 1947 


Receiver No. 66 


Heater Specifications: 50 gallon; single element, 2,000 watts. 

Farm Activities: Used in farm household of 4 adults and 6 children. House is 
not equipped with either bathtub or shower. Laundry is done in standard washing 
machine twice weekly. Main farm activity is dairying with approximately 20 
cows. Hot water is also used for cleaning the dairy utensils. Heater is adequate 
for all present needs. 

Following is listing of total kilowatt-hours billed for the farmstead for the past 


13 months: 


September 1946........... 99 April 19470 3. wean ee 124 
Metober 1946) al... 6. ee os) 93 May 194753 ne sheer ee 410 
November 1946............ 132 June 1947: 6 8-5. ver eee 474 
December 1946............ 162 July 19472 ste G kts 2 ee eee 576 
Maman aL OA. os St gokuees + «4 154 Ausust 1947 50052) eee enon 
Mebraary 19476. 5s wgine 120 September 1947........... 509 
1 erwsGel I ee eee 132 


Heater Installed May 1947 
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TABLE Ul—Continued 


Receiver No. 81 


Heater Specifications: 50 gallon; dual element, 1,000-watt lower element, 1,500- 
watt upper element. Interconnected thermostats. i 

Farm Activities: Used in farm household for 4 adults. House is equipped with 
bathroom. Laundry is done in standard washing machine. Main farm activity 
is dairying with approximately 12 cows. Hot water is also used for cleaning the 
dairy utensils. Heater is adequate for present needs. 

‘Following is listing of total kilowatt-hours billed the farmstead for the past 
13 months: 


September 1946........... 141 April 1947... 592 eee ee 192 
October 1946.............. 138 May 1947.......:<.eeacm 395 | 
November 1946............ 150 June 1947... 2.052 eee 499 
December 1946............ 205 July 1947... 2.350. ee 694 
PanuaryslOA Fixes sa. cheek tM 180 August 1947...........29mee 920 
February 1947............. 156 September 1947........... 660 
March 1947...........%2.. 172 


Heater Installed May 1947 


Receiver No. 97 


Heater Specifications: 50 gallon; dual element, 1,000-watt lower element, 1.500- 
watt upper element. Interconnected thermostats. 

Farm Activities: Used in village residential dwelling. Household consisted of 
4 adults. House was equipped with a bathroom. Laundry was done with standard 
washing machine. Supply of hot water is adequate for all present needs. 

Following is listing of total kilowatt-hours billed to the residence for the past 
12 months: 


October 1946.............. 103 April 1947... .., 4. 88 
November 1946............ 123 May, 1947.0... eee 253 
December 1946............ 122 June, 1947.62.32 eee 378 
January, 1947 6. vx nwo tho ons lll July. 1947.2... 209 er 383 
bebruary 1947, .<.2<) 0.5 Ve 89 August 1947... 72. a5. 7 451 
Marchi lO4t es. 2.8 ss bee 100 September 1947........... 400 


Heater Installed May 1947 


Receiver No. 1 


Heater Specifications: 40 gallon; dual element, 750-watt lower element, 1,250- 
watt upper element. Interconnected thermostats. : 

Farm Activities: Used in farm household of 2 adults. Main farm activity 
is dairying. Hot water for dairy use is supplied by separate heater in dairy barn. 
House is equipped with a bathroom. Heater is adequate for all present needs. 


Following is listing of total kilowatt-hours billed the farmstead for the past 
12 months: 


November 1946............ 412 May I947.:. 45530) eee 604 
December 1946............ 479 June 1947... .. 2. eee 596 
Sanmary LATS ce cos eee 467 July 1947... ee eee 564 
February 194/22... .. oat 449 August 1947007. - cei 472 
March: 194.70 sack. «<.Saeieed 469 September 1947........... 564 
A DEAL OL Uo eto ne tes, 8 lek 610 October 1947... 1.27 eet 502 


Heater Installed In 1942 
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TABLE Ill—Continued 


Receiver No. 57 


Heater Specifications: 30 gallon; single element, 1,500 watts. 

Farm Activities: Used in farm household of 5 adults and 4 children, including 
a baby. House is equipped with a bathroom. Main farm activity is dairying 
with approximately 15 cows. Hot water for cleaning dairy utensils is supplied by 
the same heater. Supply of hot water is barely adequate. 

Following is listing of total kilowatt-hours billed the farmstead for the past 


13 months: 

emtember 1946. ici. ev 3 Ost April LO4 7... sites taael ee eT OO 
Mier O40. ko. kee a cs ec he May LOT | 5 vis. ee sais ake 1,000 
November 1946.............. OO A Janes 947... 1, ie 1 sees 800 
December 1946.............. UO. we JubyelO47 oo. < Slave ae 550 
1) TSE 2 LE Nr rr 200 August L947, nc .-0e2. > ee ae OU 
CUNT ge LS rr oe 100° + September 1947ae. ce Seah co 900 
eS Fl ec chc fas: PAAR ered ane 650 


Heater Installed March 1946 


Receiver No. 17 


Heater Specifications: 80 gallon; dual element, 1,500-watt lower element, 2,500- 
watt upper element. Interconnected thermostats. 

Farm Activities: Used in residence of owner of large cranberry bog. House- 
hold consists of 3 adults and 2 children. House is equipped with 2 bathrooms. 
Laundry is done on automatic washing machine. Observation of laundry proce- 
dure revealed that as many as 15 loads of laundry were run through the machine 
in one day. On such days the hot water supply is not adequate. Water heater 
is metered separately. 

Following is listing of kilowatt-hours billed on both residential and water- 
heater meters for past 10 months: 


Household Household Heater 
November 1946........... Bo UMay 9412. ane 842 594. 
December 1946........... WO76:- June 1947.5 sca. oy, ol 535 
Pemuary 1947. 2. eee EMESIS» Tul y LOA y ecceiseemeo ratte 854 610 
Wentuary 19470. 0.65 .2s<:: 1936 August 1947.......:. 893 595 
Uy ited il 2 rr i ae 1964 September 1947...... 917 584 
PLP Sg hack + 9 = vera wis-> »L072 


Heater Installed December 1946 


1 Includes water heater kilowatt-hours. Meter on heater installed in May 1947. 
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TABLE Ill—Continued 


Receiver No. 50 


Heater Specifications: 30 gallon; dual element, 600-watt lower element, 1,000- 
watt upper element. Interconnected thermostats. 

Farm Activities: Used in village residence of 4 adults and 1 baby. The 
heater was supplying hot water for separate weekly laundry for the 2 families. 
After October 30, the household consisted of only 3 adults. There were no 
farm activities connected with this residence. House equipped with bathroom and 
extra shower in basement. Heater was barely adequate. 

Following is listing of total kilowatt-hours billed the residence for the past 11 
months: 


November 1946............ 337 May? 19475 2.0 665 
December 1946............ 498 June 1947... 2 4eo8 eee 528 
Jatuary 19405) 705 seine - 677 Sully 1947 0 562 
Hebruary 194730777 ¢ ate: 627 August:1947¢ :: s225 ots ee 
March 1947............... 676 September 1947..........- 629 
Art O8 oll nes Sa ee 673 


Heater Installed January 1947 


Receiver No. 98 


Heater Specifications: 80 gallon; dual element, 1,500-watt lower element, 
2,500 watt upper element. Interconnected thermostats. 

Farm Activities: Used in farm household of 4 adults. The house was equipped 
with a bathroom. Hot water used for normal household uses plus supplying water 
to wash dairy utensils. Main farm activity is dairying with approximately 20 
cows. Supply of hot water is adequate for present needs. 

Following is listing of total kilowatt-hours billed the farmstead for the past 
11 months: 


November 1946............ 143 May 1947....... 2 aie ae 228 
December 1946............ 168 June..19472.. .. 5. eee PA) 
January 194720 2.6.4 aes 158 July 31947... abe, See 569 
February 1947............. 182 August 1947... 2322),.eee 592 
March 1947............... 214 September 1947... 7.) 2s 547 
April 1947 ee ee hee aes 215 


Heater Installed July 1947 
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Date 


Oct. 


22 


Hours in use 


Days of record 


TABLE IV 
SAMPLE HEATER RECORDS 

















No. 2—30 gallons |No. 33—30 gallons|No. 34—30 gallons| No. 52—30 gallons 
Day 
Lower, | Upper, | Lower, | Upper, | Lower, | Upper, | Lower, | Upper, 
15 none 0.6 1.0 0.6 1.0 iS none 
Hr. Min.|Hr. Min./Hr. Min./Hr. Min.|Hr. Min./Hr. Min.|Hr. Min.|Hr. Min 
EIAs oaies os! 5. yee ia Lie t00 ot Os ee 9 M6 ee. TOs 5 Fn ee 
PAT COM yt? ks QO) pee eee ae LP Sar eee 14 354) 0p 420504 oo 
EGC ae Ol” 2 te ae Li AT here. wy Pal el CeCe os 
NMONGaY sc. .s..)... CMa tik: 1402 ae aa oe Oni2 6 26 Or Oy ee cok ease, 
1 SEN) | saceden, Wee | a ee et Oo lye eer ore paged URS ed oped 
Wednesday........ pS Bp eee ae Be ALN ae ghee 1 NE ee hy pls U0 (bork ee 
PEMUPAGaY ue. «-.- Sr Oe oie ea UA Oe ey ee G12 ee eee fed loprdeae 
i Eo Se ZOO, Se Shee: Oe Aleie cate Ss G: S5vih ieee wee TOMe Sst re oe 
Soo nn Fa) a ae ee oF AG Lees, oe LO. 56° i tay eee CG Sey Lee 
SUNGAY. 26.8... Pe A, | ee ae ee AD es eGR CT) eo he ope eee pogo a eee eee 
ARR Y 2) oss a, ae CT os Meche CMM 2 Lien etic ence oor ait OG eeeree 
BRAY (sa atl e BE ee a SOrt aS. $, ASO ee es Stoll: dl Lgeeteas ie 
Wednesday........ a ee aearee oe o) DONBE Seb... de BOM pean teres iad Micon, ete 
Pdraday i. a5... Se BOUL. eeleees oO) een: 1, 5d) eee SME) oy* leet a a 
ES a ies eee Lie 02 le 43 6, 50 eee ee LOSO2 ee 
pee ee. 63 AD he. Oe ST hese tee 3 BG eeeen oe 1d ih AD Ogee: Oe 
2 j ce ata oe eaeee ee eee ee Loe SI ete eae Tir 16) ee ors 
Monday. 2.2 <.+ 5 -. 1 OE (yao ae OP (Oi ites 13, 57 12N S59 Vet Os ie eee 
IMESAAYS 26 50. = 1 es Ce ee Ss st A pet Tk ene ae hae PTW a 
Wednesday beet Woe ow Boo Abe OA TAD Ve ee ee 1 Ks oan OF Hin Oe ree 
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ONG 0 ao epee Menthe ie cacs fase, eestor tee Brio aes i eats ak Dae eee or 
SUED eis wo « CBE el eee ae OF Ti: Gets Tt 2 oe eee ee SAP O4 et coer 
Guay es. vss. GEM +, i i Ee ee 13. 08 LS a 4s 38 ee 23 ee Se ee 
10 CCl hy Mee ee TOs O40 & eee ae 9 P54 Leena LOS eee 
Wednesday........| 1 52]........ [eee 4 oa eee 16.0 06 ieaneetee GS yee can 
iceday 2.3.5... te OA di eee, Rie AAG rte een be Raed Be ee ea, Le See 
COG 2 ae pL YE) et arate ae See AGA he Bie Sou ae oe ee OPED AT eee 2. 
Sermdayou.....-..) ~¢ 03.).....«5. 10333 1) ae S Tie 4816 OA 5CP Vie 24 eae 
Be AY rs ok =, 5 GRE hiks Be Case pals Pa) ORs Mer 16 17 0 Al ah SA Nee ee 
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Kw.-h./month (30-day) 


1 No record due to power failure or failure of recording meter. 
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TABLE IV—Continued 
SAMPLE HEATER RECORDS 








No. 27—50 gallons 


No. 30—50 gallons|No. 32—50 gallons|No. 62—S0 gallons 
































Lower, 


1.25 


Upper, 


none 


Lower, 
0 


Upper, 
Ls 


Hr. Min.|Hr. Min.|Hr. Min.)Hr. Sa Hr. Min. 


Date Day 
Lower, | Upper, | Lower, | Upper, 
2.0 1.0 I 
Hr. Min.|Hr. Min.|Hr. Min. 
Sept 19 ee OAV traci oe. Olin ae De DO lacie ce 
20) |Saturday cice ia. < we fi ae cates mee 12 16| 0 46 
PACAP ih 0th Ey rive © eee 2) sel cconarere pent he re, oan 
22 laMonday xe). dooce 3: 8 15; 0 19 Oe eS Se 
23 GL UCAGAY «22 eis hs HAS) epee, 9: 541. cocwdy 
24 | Wednesday........) 5 I8]........ 12°00, | ee ant 
Zo0| 88 bureday 0: co. a Seg. rene L389 ae ee 
ZOCVEETICAY =... feo nick tt CS i eee ca © Lisa ae 
PAPE MSSM AS Fh Cor nour, Bare 64 SS) | oe eee 12°59), 1b 32 
28 MH eESUNGAVe oni ola see on eee ee 13 @.09) beta oo 
29 | Monday.......... See) Bie 12°32) 139 
30:} TPuesday. .:..... 4; A TOU Le acne ie fee US Peeper ok 
Oct. 1 | Wednesday........ er MBAs ee 9. OA |. seem oe 
2 |oa bureday. ..... .. <2 Go tara eee *: 902 os aan 
SIME TIGR Ya con 5 vent AL AS ale ech Or 06 [205 thas 
4 | Saturday.......... 9-32; | OF Asm 2 27 ee 
SN SOUBUAY <5 u.s.-'e ore Apo 4 Aas eros ae ld Sia 
O-lpMondayns...2 » 4.25 Be 2O ho ie. hae 12 32| 0 44 
TA a OSA RY in es a): A D0 hen. ee O°) AO cg cll ae 
8 | Wednesday........ 3 00 Ie re S28 |: oe ee 
9 | Thursday......... TO 943: O04 el 2.98 O20is os ack 
TON Fridays or. ssj10me Gt Ne oe OL ees eats 
Ihe Saturday... .. 4.13) By 33)... 0 ea 16 09; 0 49 
a2. | Sunday... 22. 622 OL 46d LO” 04 Fes 8 chs 
V3.je¢Monday.......... DP osha. bo ise 14) 26 
14 | Tuesday.......... PP AG! en aaa LSD aes Ba ear eae et 
15 | Wednesday........ ght ol yeaa © LO a ea oe ae 
16 | Thursday......... SA ne Beta Sete Se (Gilad Neh ake 
pas ay soe see. ee S04 O16 ge ee 
18}), Saturday... 6... Si O8 |e ee ee Soe | LOS 
1G Tssunday fe {oc on Ye Cee eee 13 20] 0 26 
20\| Monday. /.x2...4 OL SS ee y tee 12 42] 1 30 
21: | Tuesday... 4. 4p 30) Veo saheas fe th ees oe 
22, ow ednesday... .egs) 5; 00" ue. 4. Le eas 5 ee 
Hours.in user 4) es ce -e diz 189 53} 1 59 344 21/10 Ol 
Days of record.............4: ay Ne pee. £ aya 
Kw.-h./month (30-day) ....... 200 atcsceic ae S00) tc 











WwWwwnet 


96 





o) (wie, (sa) sams 


© 0, je) s/w «mee 





‘No record due to power failure or failure of recording meter. 
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Days of record 
Kw.-h./month (30-day) 


TABLE IV—Continued 


SAMPLE HEATER RECORDS 








PORTS Vee cbs ches 55 
Tuesday.......... 


Wednesday........ 
Thursday 
Friday 
BatUrdays..s. «.... 
Sunday 


Wednesday........ 
Thursday 
Friday 
SSS 2 









































No. 66—50 gal- | No. 81—50 gal- | No. 97—50 gal- | No. 17—80 gal- 
lons lons lons lons 
Lower | Upper, | Lower, | Upper, Lower, | Upper, | Lower, | Upper, 
2.0 none 1.0 re re 1.5 Dre 

ie ne Hr. Min.|Hr. ate Hr. Min./Hr. Min.|Hr. Min.'Hr. Min./Hr. Min. 
a i ( Cee ae C REED RESP odirnt Ay Sette an a uae 

Oreo corsa i Cees reas 8 oS (oe Oat te Cee. Okt 
Aa U1 oer eee (San eed OD aes Can ins ae eee ee 
(ba hy ead Renee oe (tte e get ee eg Be eG). cca a | 
OD ee Lies eee 6 LO aes a ee eee Tio 
2S SY He yd ee (GPA pe tee) od sd he at ie ae 
Sy CVA ee a ee LEAS Rn eee O° £42. Ne en ee ye te 
DAG fps 8 Lise43e. 2). 2% 29 1 NE ee a Serie oa hs Ge ei 
Pe 055 tee fe 9s): Be 13 29 E20 ie ae ae atte noe No 
PLO. oe Te Gaeta eee O52 eae ee Tee. Pei oo ae 
ha eet Cen ae jad id Pe Petre it [a ene AT Ey. caine we, a a eh I 
eta, porte C149 | See TED) eee Cae) eee te Leelee oo tape 
Bee 20a 8 ca ers en OT hs ae LAD eee | ete eee an te sae ae 
OR LOI A cee |W Ree: ta eearee SF 00) eee ee ee ok che 
GYROS: hue aeons 2 ees 9 ED ets 8 rw ata a tt emi (Lad i. 0) Kae ee 
2 We ee a OF 454" |e ee T2739 ig er eee ores 
Co enh, Soe VR RE eee OSs 22 i ie ee a oe Pere Sends 
fi rh eee 1G te A eC 20 le eee ees ee an 
Bn 2: Va ee a Ons ere a oe Od ab ote eMC Ra Gath ad Aor 1 Anne 
ee yr ee eee Oaaaa! [ene fe 2s eee ee ete ese as fat eae 
DROOL ee, hh - G32 eee iotel) Lee 138 26 3 05 
SOAs os (Poti Es eae e 10: 0153: ere ee 1 yal etl oh Are 
ORs el nee Fo es ee: LS COT pe een ee Lr ts eos es 
5 Re Pen erro TO. 230. bi saeee: (PAT Ce, ae oe See Sikes eeagh 
foo ia eee (¢mse Hees me By SL ee, See 10 50 ie al 
5 7a ae ae LIRR 4AO. 7 cee 2 5 325 open ee 1l 10 0 15 
A Ah. Sater ee (me iy Pee By Ole a eee (Cee ae iy. een 
5 eed bay eee en ee ee ey 5 ge eee eee > LOS sete 13755 0 18 
Ace 7 Re etasteoe TaD C. e Steaes ame NN eee de og: LOT ee ec 
4 eee ee Ue Ly ee re Oe e4O towet one! eit FM de 
= bP a Be ee ae fy aA ee eae $502 ee ae aA Ve er ds lek 
G50 Mie es Dah eo Ties eee ee Ne oa Lee 12 4] 1 357 
ie is A ere ae ae fog) Mn ROR ea GrtsGheen ee 3 11713 5 29 
Seb ae eee Tn PAR ea at O20 tae e22 0 33 
LS TPRAA De oe fae eth Bea DA Uy i Zoo 39 } 39 1156 12 17 04 
Boaters We 52,84 S1 ea eo Rt Neo aee eee eae eS 2 
PGE eT |View Pica 2 TASee ees 228 tae eee OU tee to oe 




















' No record due to power failure or failure of recording meter. 
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Date 


TABLE IV—Continued 
SAMPLE HEATER RECORDS 
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20 


Oct. 
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Hours in use 


Days of record 
Kw.-h./month (30-day) 


Wednesday 
Thursday 
Friday 
Saturday 


Priel Byjeeiscs cons aed. 
Saturdays. .4. am 


Wednesday 
Thursday 
Friday 
Saturdays 23... ee 


Wednesday 
Thursday 
Friday 


Saturday.......... 


Wednesday........ 
Thursday 
Friday 
Saturday 


Wednesday........ 


No. 98—80 gallons 






































No. 1—40 gallons | No. 57—30 gallons| No. 50—30 gallons 
Lower | Upper | Lower | Upper | Lower | Upper 
0.75 1.25 1.5 none 0.6 1.0 
Hr. Min.| Hr. Min.| Hr. Min.) Hr. Min.) Hr. Min.| Hr. Min. 
ss ae a ain eo 8 485 ice 
2 PoO\ el oO") LL sacle aoe 13 49 |... 28 
2D eee ae CO) ee ie Gla eee? Te. 
4 36; 2 31 ‘Oeripneie. GC) |... 
3 *00.))70 120 (Oy Ah en ae 17 14] 0 24 
ae LUGE ae a CS ate 13 °23)). 2 oe 
2 03) 0 55 kal eae. | 14 06| 3 13 
2 +05) 1 #25 (Te Mec tat ee 15: 116) Fi eo7 
ee Nia OL BOD Ghee. : ) > a2 eee 
DE 10 Wee ae ee (Mw Roe 15 39; 0 20 
2 20; 1 40 (O* Alcea TSO deca 
1 454) 0. 250 12 605 ice ee 12. Al eee 
10905 Wa 1 S008), BOG 2 a ae 12 44; 0 19 
CH) Md Ace ae Cee sees. 13 54] 5 51 
CORP Weaie So ee Cie See 5 pig Retro 
Ng a dame ec e ee Gietceas . (Oe oh ape 
A errr 9 (eo cence - Olean lbe nes 60 - 
Be 2 nds Pe a5 CC) ee C) > dae 
Pe ee eee oe > 1) Lee CMe ee. 
ae Ae ag ee 9 103 | see C). leas. eee 
Jad ed ba ae cae (Gh ees Oye Nn 
ee ees Gores he (Oa ata. 
a: SNS arte As ae V1 (51 jigs = ee) 12 2 ae 
Ae yh ae 0 48 |...) BT eee 
ee eee 16 (12. |. 2 ee IS eee 
Be aetoree eemeas es. 10, (25. |... 0.93) 02 eee 
Pa oe ee ry & 48 |.... age ge CIT) eee 
dee aoe cA eee 14 03)... ..200) Boo oe 
ee ee ae 9 V4 \icc ene ee) PRL ge eee 
Ee tse ok eee Ue eM 
eae 10 18 Se LOA ee 
Be eet ies eae ee 12; 45. ate Oe 18 Foe 
a eee ial ae ee COC) |eoscae ae) le er 
a ore ae to, Cye ji: sacar LOO 
Same 42) 14 14a) 1762 }. 28 es 262 06 
13 lsaperhad UC Para 23 les ceenee 
OB as sah ae 496 bot ie 220 | 3.2 eee 














‘No record due to power failure or failure of recording meter. 
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APPENDIX Il 


Tests on Steuben County Rural Electric 
Membership Corporation Lines 


Supplementary System Information: The Steuben system was initially 
energized in March 1939. During 1939, 202 miles of line serving 656 consumers 
were energized. Other consumers were added at a fairly steady rate to reach the 
total of 1,693 served by 363 miles of line in November 1947. The number of electric 
ranges in use is estimated at 400 for November 1947. Information on the saturation 
of appliances other than ranges and water heaters is not available. 

Consumers served by this system at the time of testing were grouped for billing 
and used energy in November 1947 as follows: 


AVERAGE KWH 


GROUP NUMBER BILLED 
Warriieett ee e e RRee Be eran 1,314 182 
Rural nonfarm (residential).......... 9... 2. ++ 99 148 
Small commercial and industrial.................... 25 188 
Ciher ee nn oe oreo. noes Leah Yee Peas S04 255 33 
Alconsnmers se.) oe oe ee eee bee eee be 1, 693 152 


Most of the consumers listed as “Other” are seasonal users, many of them 
served at summer cottages. 
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TABLE I 


Tank Sizes and Element Ratings of Water Heaters in Use During Tests, Steuben 
County, Indiana 





Rating, in kilowatts 











Tank size 
Number of heaters 
Ae hs Lower Upper 
element element 
APES Mig 8), 4g, ate sei Seen ahaa ees aia eae aes 30 0 a ee Foe 
Foi tpt es Ne Rites Gennes HR nc Eo Ge cet Mel ter 30 Ae | aes POR cg 
Ve ities bee ies sre ere oe ee ee atcieiei 40 0. 75 1.0 
Lee bk, oe See eee ee ee cere ane A 40 8 ER ra a 
Diet A evo chen wdticdin eats Ee eA et aaah Setar on 40 oe es pen ae 
I hee Sas ht Pe Pats Oe OR ee eee 40 a Ns een ey 
AST ee Wek A RC a a Meee Bie Beh tena Ree lai. 40 a AG | Mn ee Sees ee, 3 
pe cee Ar tg ee ae AE ike Pe ae Ws at a 40 a AG Be RON Oa ee 
LAI Se CREE OY ne en SE A... ge a 50 1.0 15 
Tit ea ee a eee ees 50 tO t Sel a ee 
Lie A Ae ee Ur os, Soe ea tenes 50 Sa hae ee ae 
1) ee ae oc Care eee ieee eine Om are 50 eA | DN eee nr 
TOs ce 4 ale Bt nant et erate pee 50 ee ae ery ey © 
Tee ee A oh an iran ame ae eR ae ape n 50 Ba Ouse oR staeue ta cee 
Ty oe Sie ra ae ee ee ere oe 66 15 220 
ED Se eRe eee OT ARE em A ee er a 66 DU Mil nae en 
PROM eT ieee DNA, AAR RN rg Spelt Son: Sed tel nae Sinn EO 66 le WES eh CR a Meat ae 
es re Ce ee ee eae en 66 hs Sd heii A i er 
Liars x ee ee oe, Ce ee 80 1.0 2.0 
Dish 2 RA cis Wired ye Rea ST nha ss ee te eel gee 80 15 15 
7 RE PRE! TERA ren eats eas PREY kin ah 9 a 80 119% Oren eee neers 
| Le ir cet ae era Pe Witora ne eRe ke 80 Ay De SN se 2 eh ee 
| eda Repent Myre tretinoin: LY Ft, 0) eae ee 80 LE PH Lee ean oe 
DAs me SON RR ES ae arene 12/8 Sk at eer 80 LS Oil ve eee 








1 Single element heaters. Two element heaters with upper units disconnected are included as 
single element heaters. 
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961 0OT 00°6 9SIz (z) (z) 216 CES-00S Fix 22e i - e re Aepsany, J, 
961 00T 0% L CST z (z) (z) 116 CTe200 Gels = oun fe Le ee Aepsoupe j\ 
961 00T 00:9 6S Le LY LS6 GELGECT Ge Rie ers Ba a ee Aepson J, 
961 OOT 00:9 0S Le° LE 1S6 CVs Ok ee. ee ae Aepuoy 
961 0OT 00:9 GS 9F° OF 906 Cee jeG, ress ea eee Aepung 
961 001 00:2 SS 60° 6 €96 Gpesjee VW a Aepanyes 
961 OOT 00:9 S9 4 a 44 986 OGISSOT Ce ee oe ae Aepuy 
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TABLE Ill 


TOTAL HEATING TIME FOR INDIVIDUAL WATER HEATERS— 


STEUBEN TEST 





























No. 3-43 gallons | 1, 6_g9 
Date Day ape 
Lower Upper +3 7 5 
0.75 1.5) Wee eee 

Hr. Min. | Hr. Min. | Hr. Min. 
Nov. 19 | Wednesday..... (?) (?) 1). +30 
20 | Thursday...... (7) (7) A aes 
21 ae Briday.. cern saree eae 23916 aoe 
22 i oaturdayyes eer eee 2 23°) 3" 37 
oO), OULUAY see hee eet 2 43 6 610 
24 | Monday....... tee AA, WO. 558.) T4350 
Do kuesda viene rare My een eee Peri 4. Ba38 
26 | Wednesday....:|......... 1 31 4 43 
21 +)= Phuraday?-< consol eitererras 1 56 4 2 
20uie Friday (wee 557 tee oe 1 57; 4 08 
29 Ge SALULOSY ay ae: Oe Ake. eae 24a! 16 22 
3077 Sunday. 2.2%." . 6G” 38 1 06"! 41 °° 14 
Dec. 1 | Monday....... 4 10; 0 42 Ae 
Dele Luesday ase ihe Ree 2 06\°O 36 

3 | Wednesday..... O82 = Ze ee (*) 

4) Thursday......| 1 39] 0 54 C) 

Sn Friday ce & a:¥e. wag cei ae oe ey ( (7) 

64 Saturdayas fae ste 14 ase (?) 

7 «Sundays es ae tlie ee: 1 59 (?) 

8 | Monday....... 3 29) 0 43 (3) 
ON sPacsday 22) nee bok oe. 1 36 eel 
10 | Wednesday.....|......... 2 Ol 3) 20 
LLG OT hursday eer ee eee 2205 4 30 
2 riday? sane Sees OmieTO Pal MS PSO 

13 | Saturday....... (2) (7) (7) 
Total hours. > gcs-G 2656.05) 34 08 | 39 44) 71 26 
Daysot. record 52 siee acs: cilia eleet Caer 4 15. 8 
Kwh.-/30-day month *...... 120M WE Sie.ae 375 





























No. 16-52|No. 26-52 
gallons— | gallons— 
Single Single 
unit, 2.0 | unit, 1.5 

Hr. Min. | Hr. Min 
(*) (?) 
(?) (*) 
a1 ros (?) 
2 14 (7) 
a 09 ) 
1 49 Cy 
3 «18 (?) 
sie al (7) 
1 36 (?) 
1 56 () 
3 00 C) 
ny 02 (7) 
hie eat (@) 
4.710.) 22 S27 
708 52 9 = 32 
(?) 7 B09 
() 6 09 
(*) oF 16 
() 7 49 
(7) 8 55 
(?) 8 23 
() 77915 
G) 8 22 
(?) Sra AS, 
() () 
32 202 ieee 26 
12.2 a9 
155 350 





1 Less than a full 24 hour record on these days. 
2 No record on these days. 
3 Calculated from element size and total] heating time. 
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TABLE ill—Continued 


TOTAL HEATING TIME FOR INDIVIDUAL WATER HEATERS— 
STEUBEN TEST 


























Noes ei eae NG: 48 Noes] No 36-—= 
Wate Day ra ie 66-gal- 80-gal- 50-gal- 
single L U lon single lon singlejlon single 
unit, 2.5 ower PPE | unit, 2.0| unit, 2.5 | unit, 2.5 
1.0 2.0 

Hr. Min.| Hr. Min.) Hr. Min.| Hr. Min.| Hr. Min.| Hr. Min. 
Nov. 19 | Wednesday... (?) (?) () () 2) art Spy 
20 | Thursday... (7) So Lie, Ae 218 (7) 7 AT 
211) (Friday... -.. : (3) 1G OT He 09-200) 25 50 lest 5 19 
22 | Saturday.... (?) LOp col tee a8 3) Olainoms0 4 14 
Zo iounday. 1.2% (7) 12) 713 Wee et 25 15 wntome2 sees 
24 | Monday.... (7) 10 744. 09 es 94 340M Banl5 5 48 
25 | Tuesday.... (?) eae ie ae | 6 46) 3 36 5 24 
26 | Wednesday... C) G2) eet. 3! 35 Oni Que? WE 20914 

27 | Thursday... (7) Te OS WR Les 4 53| 4 06 (7) 

20 pabriday... 040 (7) LE: OF. te 3. 50%eoeelo (?) 

29 | Saturday.... (7) 16 O77 MS 19 520), 4e 40 apadeeld (7) 

30 | Sunday..... ‘@) BAZ Wie B23 31 52 ompo4 (7) 

Dec. 1 | Monday.... (7) 10716 i... 7. 25 3, 16s 65407 (7) 
2 | Tuesday.... (7) S512 wae. se Ae 390 enor G2. ie 1s 46 
3 | Wednesday... (?) 14 01 04 09505) 26 tein Zee el ol 
4 | Thursday...|'2 33 WA OR nk 3: OSehersel 03 4 18 
5 brid ayn... Ait POM ae O2 ib Aes. ace 3 56| 3 00 Gua23 
Gipoaturaay. 26) Tl eo 20°). .02..25 4 43} 2 48; '6 41 
i Sanday. 4.02 AP OOCS SF OT |. skid ne? oe 00 Ferll i yO 4) 
$ | Monday..t| 5 38} 9 O1}..-....: 6 03 3 60 5 24 
Oiuesday, 4m) $3. 20M). S24. 5.) 6 30 ll Teldwamepo 6 59 
10 | Wednesday..| 4 27 ys bg See. See 25 ADmen de O21 6 26 

11 YeThuraday.24) 2 434) 9 06 12..2...; Qe 3 taleOa oe (7) 

12) Wriday....05) 4 970) 4°30 je. .2.. tele LL (?) @) 
13 | Saturday....| 1 11 Te O24 ra. GIN eh, Abe, echeatc eae 2 
‘Total. hoursas. 6.545 a4 36 42 (220 04 S$ O24 829 35476502 79 31 
Days of record......... Sc ae Ries 22 19.7 13.5 
Kw.-h./30-day month *. . 315 S00) ie eakaae 225 250 440 











1 Less than a full 24-hour record on these days. 


2 No record on these days. 
3 Calculated from element size and total heating time. 
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TOTAL 


STEUBEN TEST 


TABLE ill—Continued 
HEATING TIME FOR INDIVIDUAL WATER HEATERS— 














No. 61— | No. 65— 
43-gallon, | 52-gallon, 


No. 66— | No. 67— 


No. 73— 


80-gallon, | 82-gallon, | 50-gallon, 


single 


single 


unit, 2.0 | unit, 2.5 | unit, 1.5 


























le Le single single single 
unit, 2.0 | unit, 2.5 
Hr Min | Hr Min | Hr Min 
Nov. 19 | Wednesday..... +0 00) @3) 14 (?) 
20 | Thursday...... 1 31 4 33 (7) 
21) Priday., #..3. .7 6 24 3 14 (?) 
22 | Saturday....... 1 42 8 07 (2) 
23 | Sunday........ 2 39 5.4135 (?) 
24 | Monday....... 1.25 7 10 (?) 
25 | Tuesday....... 1 16 4 12 (7) 
26 | Wednesday..... 1 03 5S 212 1 04 
27 | Thursday...... 2 59 4 57 2628 
28: eb riday: 72. 225.<+ 0 00 3 53 2 13d 
29 | Saturday....... gece 5 30 3 09 
30) Sunday 08.2 1 40| 10 04 Yap, ped 
Dec 1 | Monday........ 1228 Wanl2 2425 2 40 
2 | Tuesday....... 1 49 7 56 4 33 
3 | Wednesday..... P1819 3 38 2 46 
4 | Thursday...... (7) 2 %38 Beal 
o. pekriday.. S840. .3 CG) 3 50 2. 30 
6 | Saturday....... (7) WORE 2 47 
T, Sunday Aa-.54:..+ (?) 5 55 3 06 
8 | Monday....... () 7 19 2 ll 
9 | Tuesday....... 10 00 4 05 4 00 
10 | Wednesday..... 2 46 4 ll 2 43 
11 | Thursday...... aelko 4 34 2: ee 
12: Etiday et. + ML 36ND coo F107 
Total houra... 4. swage 33 20 | 130 33) 45 41 
Days of record............ 17.1 aaa dei 
Kw.-h./30-day month?...... 115 430 175 











Hr Min 
es 


SAP RAHAMIwWNNbd 
S 
‘oO 


_ 


\o 
~] 








Hr Min 
1 


_ 


= WwWWWwWWOWRWAIWHE BWR WWTP RWW 
> 
ae 


—_ 
oS 
i=) 





! Less than a full 24-hour record on these days. 
2 No record on these days. 
3 Calculated from element size and total heating time. 
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TABLE Ill—Continued 


TOTAL HEATING TIME FOR INDIVIDUAL WATER HEATERS— 


STEUBEN TEST 






































No. 78-30 gallons |No. 80-65|No. 82—42)/No. 97-43 
gallon gallon gallon 
Date Day single single single 
Lower, Upper, unit, unit, unit, 
LS 1.0 3.0 125 2.0 
Hr. Min.| Hr. Min.| Hr. Min.| Hr. Min.| Hr. Min. 
Nov. 19 | Wednesday..... Cy ae? ck eee (?) 13 19 1 19 
20 | Thursday...... his ale 49 eee any aay 10 38 11°38 1 43 
Diviekridays20: Mee * Ghee UM eee eh 9 32 10 54 1 55 
22) Saturday. ... .. 5 boot eet 4 43 1 e300 test, 02 
25 | Sunday. WUE . PSO te a as 8 09 8 14 (?) 
24 | Monday....... 6357 eee 6 41 10 40 (?) 
25 | Tuesday....... 8 ‘11 ipak 5 04 Leth BO aS 
26 | Wednesday..... Gor S Seales ocx 5 30 Leh Pa (2) 
27 | Thursday...... se Ba leg od ah 5 38] 10 24 2) 
Soikriday Coe. 102718 fo0..8 see 5 53 IB. 1% (?) 
29 | Saturday....... 120903 4 ee 6 ll 1322 K?) 
BOM Sunday Nese Ou lS Me ag). 4 48 10 39 (?) 
Dec. 1 | Monday....... S21 eee 8 13 12°97 35°| 2-043 
2a Tuesdays O08. Sie OGRE! Liles 5 42 10° 53 2 00 
3 | Wednesday..... T258358 Gee bee ax Sue & | 10 20 1 36 
4 | Thursday...... FS ee ee Sent 16 02 1 10 
Diy Bridays. 222" Bt 55 ey fos S21 10 20 1 44 
6 | Saturday....... GEST ee 6 42 10 33 1 40 
wopsundays 0. ir... MSPs Bs fo 6 52 8 47 LST 
8 | Monday....... LO) t42itee her ee T4506 Tas jj O) 38 
9 | Tuesday....... eos ie Meee er Aly 129721 2 39 
10 | Wednesday..... et a6 We, BU: Sy 413 B12 12 
Ta Thursday..\...4;: AMS S TRY Le ley e255 9 30 laeis 
Wite Brid ay sy ot ak LOO SO) se (7) 12>_03.) -40, 35 
Total houravev A es Lise sok 1 (15 }, 1282"45°265 «30 23 «34 
Days of record............ VAM GLU Bare 20. 9 24 14. 1 
Kw.-h/30-day month?...... S50 bee tees 590 500 100 














1 Less than a full 24-hour record on these days. 
2 No record on these days. 
3 Calculated from element size and total heating time. 
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TABLE IV 





CONSUMER INFORMATION AT SAMPLE HEATER LOCATIONS—STEUBEN TEST 





Ref. 


No. 


16 


26 


30 


32 


51 


56 


61 


65 
66 


67 


73 











Number 
in house- 
hold * 
A |Ch. 
Pan | 
Dae 
2/1 0 
2/ 0 
Sei 2 
3/ 0 
20 0 
4/ 0 
2 |) 0 
20 
YAP 74 
21 0 
3) 3 
Sep AY 











Uses for hot water ? 


























Total 
Farm business, type and | Kw.- 
scope Ge ’ 
ov. 
Bath 
Dairy and diversified, 523 
160 acres, 20 cows, 275 7120 Shower...... 
chickens, some hogs. 
Crop and livestock, 80 633 Pie and 
acres, no dairying. 375 tub 
None. Stable some trot- 517 
ting horses for neigh- | J-. | Tub ae. ae 
bor. 
Crop and livestock, 3 565 || 
dairy cows, 80 acres. 350 || Tub. ....... 
Dairy and _ diversified, 574 
y Tub 
120 acres, milking 15 || 315 |} > 
cows at time of test. 
Dairy and diversified, 740 
160 acres, milking 13 300 | Tub a Se RE 
cows at time of test. 
Dairy and _ diversified, 496 
80 acres. Milking 5 295 | Shower a 
_ cows at time of record. 
Crop and __livestock, 319 
mostly beef cattle, 120 250 | Tub. 
acres. 
Crop and livestock, 300 
acres, with 3. other 554 Tub 
houses on farm. Milk 440 ae 
1 cow. 
Crop farm. About 5 412 
cows being milked. | 115 | Tub i Sate. See 
Dairy and diversified. 656 
300 acres. Milking 6 430 | Tub apelncets: 
cows at time of record. 
Dairy and diversified, 60 390 
acres. Milking 3 cows 175 | Shower...... 
at time of record. 
Dairy and diversified. 732 
Milking 10 cows at 420 | Tub. ‘ 
time of record. 
Crop and livestock 50 ! 338 Tub 
acres, milk 1 or 2 cows. LOO We ee 


See footnotes at end of table. 








Farm uses 


Wash milking machine 
and other utensils, 
warm drinking water 
for calves, poultry, 
hogs. 


©) te: Sey eye) [ay 16) ol 6 lobe. oto! ss Ae 


and cows’ udders 
twice daily. 

Rinse and wash milk- 
ing machine, warm 
water for calves to 
drink. 

| Wash milking machine 


[ae milking utensils 


and other utensils in 
house. 

Wash milking machine 
and other utensils in 
house. 


0) fe: (0, 16! We) he: onal ove (eho! eect) 


| Milk utensils washed 


in house. 


and other utensils in 








house. 


| Wash milking machine 


pile milk utensils in 
house. 


Carried to barn for 
milking machine and 
utensils. 


outside 


| None used 


house. 


Water heater 





Gal. Kw. 
43 40575 
C15 


| 








| 
= 
- 
. 
Ie 
| 
| 
= 
| 
| 
| 





Units not inter- 
connected. In- 
stalled before 


1944. 
82 | 2. 13 
Installed Octo- 
ber 1947. 
2.0 
ole 
oe in 1946. 
205 


ei before 
1944. 


ie 
$20 
2. 0 


Sl 
a ae 
25 
eter June 
1947. 


50 | A 
Installed 
October 1947. 


43 | 2.0 
Installed in 
1946. 


2.5 


2.0 
faetalled May 
1946. 

82 | 2.5 
Installed Sep- 
tember 1947. 

50 | ing 
Installed in 

1945. 


TABLE IV—Continued 


CONSUMER INFORMATION AT SAMPLE HEATER LOCATIONS—STEUBEN TEST—Con. 





Ref. 


No. 


78 


80 


82 


oF 




















Number 
in house- Total Uses for hot water ° Water heater 
hold! | Farm business, type and | Kw.- 
scope h. 
Nov.” 
A |Ch. Bath Farm uses Gal. Kw. 

9 Te E Tei ieand! ‘diversitied. Wash milking utensils 30 105 
100 acres. Milking 6 oe Shower...... ce coe move a ° 1.0 
poe ee fescard: arm water or Installed August 

; ae chickens and hogs. 1947 

3 0 | Dairy and diversified, 707 Wash milking machine 65 3.0 
120 acres. Milking ‘ft 550 | Shower, eh and cream separator Installed No- 
cows at time or record. | in house. vember 1945. 

2| 2) Dairy and diversified, || 519 Wash milking machine 42 | 1s 
120 acres. ene 10 + a0 | Tub Leet and other utensils in || 7, called 1945 
cows at time of record. house. ; 

2 | 0 | Dairy and diversified, 60 || 99g Wash cream separator 43 
acres. Milking 4 cows 100 | Tub eee a and milk utensils in I lled 19 43 
at time of record. house. | ed tea 2 























1 Persons more than 12 years of age are shown as adults (A.); those less than 12 as children (Ch.). 
2 First figure is energy billed for all uses in Nov. 1947. Italic figure is Kw.-h. per month for water heating from table ITI. 
3 All users had washing machines for laundry. Only one (Ref. No. 32) had automatic type machine. 


4 Lower element. 
5 Upper element. 


Ref. 
No. 
3 


82 
97 


REMARKS FROM TABLE IV. 


Upper thermostat cut on at lower temperature than the lower one, though both 
thermostats were set at 150. Range boiler with furnace coil was connected 
ahead of electric water heater. Water from range boiler often was hot enough 
so that lower element never came on at all. Hot water supply is not adequate 
when furnace is off. 

Children ages 3 and 5. Thermostat set at 140. Hot water supply is adequate. 
Farm buildings are used only as residence. Recording meter was removed 
December 3 after this couple left to be gone several weeks. Thermostat at 155. 
One additional adult present part of the time; one child, age 12, was present 
during first week of record. Thermostat at 149. 

Dairy uses about 5 gallons twice daily drawn from the hot tap. Water used 
for milking machine, then for calves. Thermostat at 153. 

Water heater was installed before young couple moved in a year ago. Bendix 
automatic washer. Thermostats at 150, not interconnected. 

Thermostat at 150. 

Thermostat on “Medium.” 

Thermostat at 150. 

Thermostat at 150. 

Thermostat at 150. 

Thermostat at 158. 

Thermostat at 150. 

One bedridden invalid in house. Thermostat at 170. 

Upper unit may have been disconnected during last part of test because owner 
thought it should not be used. Thermostat at 150. 

Loss of heat through the insulation of heater was excessive. Insulation had 
settled down so that only an air space separated tank and outer jacket, along 
the upper third of the tank. Thermostat at 150. 

Owner used a water heater in previous residence 3 years before 1945. Children 
ages 1 and 3 years. Thermostat at 150. 

Thermostat at 150. 
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TABLE V 


CONSUMER INFORMATION AT SAMPLE HEATER LOCATIONS— 
STEUBEN TEST 


























REF. NO. 

JAN. | FEB. | MAR. 
SG heer. aoe 380 | 396 | 364 
ee we 241 | 214 | 133 
1G 5.3: ata, wey tet sell cng eee 
v4 EN ee 284 | 190 | 278 
BO sa sare 825 | 460 | 814 
Saree en ie 685 | 454 | 492 
7 ager in beg nn ik 390 | 445 | 387 
Sar eee reer? 86 | 88) 95 
SOc eer re 211 | 369 | 88 
ee ge Are B 260 | 286 | 338 
Oden wr ae 627 | 548 | 917 
COR ee 219 | 176 | 147 
Cl ae oe 198 | 282 | 219 
(betes Seeds 108 | 92 89 
ff: PEM ete Wee eee 637 | 693 | 613 
fo Berek ate saacr te a 857 | 970 | 799 
VTA ane a Rhea 536 | 491 | 563 
0 MY a ht ine 234 | 208 | 582 











APR. | MAY 


443 
254 


JUNE 


Kilowatt-hours Billed Monthly During 1947 





JULY | AUG. | SEPT. 








500 
192 
369 
309 
731 
433 
313 
237 

99 
286 
543 
112 
725 
106 
394 
709 
532 
184 





483 
378 
378 
485 
448 
455 
326 
265 
548 
302 
952 
199 
349 
191 
590 
774 
421 
177 











494. 
596 
405 
022 
507 
365 
307 
274 
395 
320 
528 
304 
388 
276 

2 
616 
405 
222 


506 
512 
477 
538 
479 
454 
351 
287 
281 
338 
530 
293 
514 
264 
394 
642 
415 
193 











392 
625 
450 
539 
581 
748 
192 
292 
507 
315 
639 
326 
537 
260 
486 
824 
450 
201 
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OCT. 


428 
291 
501 
508 
640 
695 
353 
274 
698 
330 
332 
331 
587 
262 
573 
176 
43.4 
159 


NOV. 


523 
633 
517 
565 
o74 
740 
496 
319 





5904 
412 
656 
390 
732 
338 
697 
707 
519 
208 
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